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SEGMENT PERFORMANCE REPORT - FY 1996
Wood Duck Investigations
Federal Aid in Wildlife Restoration
W-118-R-4
STUDY I: AERIAL HELICOPTER SURVEYS OF BREEDING WOOD DUCKS IN
BOTTOMLAND FOREST
This report presents activities undertaken during segment 4
of this project. Activities included the selection of three
tracts of bottomland timber along the Illinois River over which
aerial wood duck (Aix sponsa) line transect (LT) surveys were
flown using a helicopter. LT surveys were flown twice at each
area in April to determine the wood duck densities at each
location. Natural cavities previously identified during segments
1-3 of this project (Yetter et al. 1995) as suitable wood duck
nest sites (suitable cavities) and all artificial wood duck nest
boxes located at Sanganois Conservation Area (CA) were examined
during June and July to determine their use by wood ducks and
other vertebrates. Methods describing the calculation of natural
cavity densities at Sanganois CA were included in this report for
clarity (Job 1.2.); however, only the 1996 spring monitoring of
natural cavities was completed during segment 4. All other
natural cavity field work was completed during segments 1-3 of
this study (Yetter et al. 1995).
JOB NO. I.1. Potential Population Estimate for Breeding Wood
Ducks in Bottomland Forest in Illinois.
STUDY AREA
Study sites were classified as bottomland forests of the
Illinois River (Fig. 1) including portions of the Sanganois CA
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Figure 1. Study areas for aerial line transect surveys of
breeding wood ducks in Illinois during spring 1996.
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and nearby private lands (Sanganois) at Chandlerville, the
Meredosia Refuge of the Illinois River National Wildlife and Fish
Refuges and adjacent private lands (Meredosia) at Meredosia, and
the Princeton Game and Fish Club and surrounding bottomland
timber (Princeton) at Hennepin. Habitats on the study areas were
considered representative of other palustrine forested wetlands
(Cowardin et al. 1979) in the Illinois River valley and were
selected due to their large acreages of bottomland forests.
Habitats included at Sanganois were sloughs, backwater lakes,
forested ponds, and bottomland forest (Ill. Dept. Cons. 1975).
Major tree species on the area included: silver maple (Acer
saccharinum), eastern cottonwood (Populus deltoides), willow
(Salix spp), red ash (Fraxinus pennsylvanica), and American elm
(Ulmus americana) (Ill. Dept. Cons. 1975, Havera et al. 1980,
Yetter et al. 1995). A forest inventory of the Meredosia
National Wildlife Refuge (NWR) in 1985 indicated that silver
maple (84%) and eastern cottonwood (13%) represented 97 percent
of the tree basal area (Haley 1985). Site visits indicated
forest and tree species composition at Meredosia and Princeton
were similar to Sanganois.
The Sanganois study site encompassed portions of southwest
Mason, northwest Cass, and east Schuyler counties and represented
8,150 ac of bottomland habitat (Fig. 2). Study area boundaries
were marked on the north and south by the Illinois and Sangamon
rivers, respectively. East and west boundaries were defined by
longitude lines 900 18' 39" and 900 21' 57", respectively.
Meredosia encompassed portions of southwest Cass and northwest
Morgan counties and consisted of 4,800 ac of bottomland habitat.
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Sanganois Study Area
Figure 2. The Sanganois study site near Chandlerville, IL, showing
transect lines that were flown by helicopter to estimate breeding
wood duck populations during spring 1996. The area included portions
of the Sanganois Conservation Area and adjacent private lands.
4
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Study area boundaries were marked on the west and east by the
Illinois River and the west levee of the Meredosia Lake Drainage
and Levee District, respectively. North and south boundaries
were defined by latitude lines 390 55' 00" and 390 51' 26",
respectively. Princeton consisted of 4,150 ac of bottomland
habitat and was located in southeast Bureau County. Study area
boundaries were marked on the east by the Illinois River and by
the Chicago Rock Island and Pacific Railroad tracts on the west.
North and south boundaries were identified as latitude lines 410
17' 00" and 410 14' 38", respectively.
MATERIALS AND METHODS
Surveys
Study area boundaries and acreages were determined from NWI
maps and measured using a digitizing board and Measugraph 2.1
software. NWI data were obtained from aerial photographs dated
spring 1984 and spring 1986. Palustrine forested habitat
regardless of water regime and/or special modifiers was
considered prime wood duck nesting habitat for aerial surveys. A
series of equally spaced, parallel transects was identified at
each site every 12" of latitude or longitude using Measugraph 2.1
software (Fig. 2). Twelve, 17, and 18 transect lines were
identified at Princeton, Sanganois, and Meredosia, respectively.
Aerial surveys for wood ducks in bottomland forest were
conducted twice during April 1996. Surveys were flown at
Sanganois on 15 and 22 April. Surveys of Meredosia and Princeton
were made during the same day and flown on 16 and 27 April. The
timing of aerial surveys corresponded with nesting activities of
5
wood ducks in Illinois. Aerial surveys were initiated after the
peak of the spring migration of wood ducks in central Illinois
but before leafout (Bellrose 1980, Bellrose and Holm 1994,
Heitmeyer and Fredrickson 1990, Havera 1992, Yetter 1992, Gates
et al. 1995). Surveys were flown using a Bell Long Ranger
helicopter with 1 pilot and 3 observers (1 left front and 2 rear
seat observers). Helicopters and pilots were contracted from the
Division of Aeronautics, Illinois Dept. of Transportation,
Springfield, Illinois. Helicopters were flown at an altitude of
150 ft above ground level (AGL) to provide sufficient clearance
over bottomland timber at ground speeds of 40-58 mph (Sherman
1990, R.M. Kaminski, Mississippi State Univ., pers. commun.).
Helicopters were equipped with Loran-C to aid in the navigation
of transect lines and a radar altimeter to maintain a constant
altitude.
Density Estimates
Densities of breeding wood ducks along transect lines were
estimated by employing a line transect approach (Burnham et al.
1980) using grouped, perpendicular distance classes and analyzed
with Program DISTANCE version 2.1 (Buckland et al. 1993, Laake et
al. 1994). Rear seat observers could not see a 150-ft wide path
directly below the aircraft due to the fuselage of the
helicopter; therefore, distance classes were offset 75 ft on
either side of the transect line (Fig. 3) (Johnson and Lindzey
1990, Buckland et al. 1993). Rear seat observers recorded wood
ducks detected within 375 ft of either side of the helicopter and
placed them into respective distance classes [0-75(A), 76-150(B),
6
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Figure 3. Spacing of distance classes along the transect line.
Distance classes were offset 75 feet on both sides of the transect
because the helicopter fuselage blocked the view of the rear seat
observers. Distance class X (75 ft) on the left side of the transect
was only viewed by the front seat observer.
151-225(C), and 226-375(D) ft] (Fig. 3). The front seat observer
assured the proper course and altitude of the aircraft as well as
recorded all wood ducks within 150 ft and two distance classes
[0-75(X) and 76-150(A) ft] on the left side of the aircraft. The
front seat observer had the ability to see in front and directly
below the aircraft; therefore, distance class X was not offset
from the transect line for the front seat observer (Fig. 3).
Wood ducks were recorded by all observers with pencil and
paper into their respective distance classes in all surveys.
Observers used hand held tape recorders to record wood duck
observations as well as pencil and paper during the second survey
at each area. Tape recording of transect observations allowed
simultaneous comparison of the front and left rear seat
observers.
Observers recorded wood ducks in distance classes as pairs,
mixed sex flocks, single sex flocks, single sex, and unknown sex.
Reference points for distance class determination were marked on
helicopter windows and tested for accuracy using ground
measurements (Norton-Griffiths 1978, Johnson et al. 1989, Johnson
and Lindzey 1990, Buckland et al. 1993). Surveys were conducted
on days with good visibility and with winds < 25 mph (U.S. Fish
Wildl. Serv. and Can. Wildl. Serv. 1987).
The total number of wood duck indicated breeding pairs
(IBPs) identified in transect distance classes was determined by
summing the number of segregated pairs, trios (pair and extra
male), lone males, males in bachelor groups • 4, and lone females
(Hammond 1969, Stewart and Kantrud 1972, U.S. Fish Wildl. Serv.
and Can. Wildl. Serv. 1987, Yetter 1992, Bellrose and Holm 1994).
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Data Analysis
Data were computerized and analyzed using the Statistical
Analysis System (SAS) version 6.11 (SAS Inst. Inc. 1988) and
program DISTANCE version 2.1 (Laake et al. 1994). The PROC CORR
procedure of SAS was used to identify a buildup of wood ducks on
aerial transects as surveys progressed. Two sample t-tests (Proc
TTEST, SAS Inst. Inc. 1988) were used to test for differences
between the number of wood ducks observed by rear seat observers.
All tests were considered significant when P < 0.05.
The density of wood duck IBPs along transect lines was
calculated using program DISTANCE. DISTANCE calculated densities
based on the number of IBPs observed in each distance class along
transects. The wood duck IBP density was estimated for each
A A
survey using the formula: D=nf (0)/2L, where n was the number of
IBPs observed, L was the total length of the transects sampled,
A
and f(0) was the estimated probability density function of
perpendicular distance classes from the line, evaluated at
distance zero.
Five models were fitted to the perpendicular distance data
to estimate f(0) including: the uniform key function with a
cosine series expansion (Fourier Series model), the half-normal
key function with a cosine series expansion, the half-normal key
function with a hermite polynomial expansion, the hazard-rate key
function with a cosine series expansion, and a negative
exponential key function with a cosine series expansion. The
model that best fit the shape criterion outlined by Burnham et
al. (1979) and Buckland et al. (1993) and with the smallest
9
coefficient of variation (CV) (Johnson and Lindzey 1990) was
selected as the best model for the data. The Akaike Information
Criterion (AIC) value was also used to select the best candidate
LT model (Buckland et al. 1993).
RESULTS
Surveys
A total of six LT surveys was conducted during April 1996.
Surveys were flown between 9:00 a.m. and 5:00 p.m. CST (Table 1).
The number of transects at each location varied somewhat from the
number that was originally planned due to fuel constraints on the
aircraft. Fifteen and 16 transects at Sanganois, 12 and 13
transects at Princeton, and 16 and 18 transects at Meredosia were
flown during the first and second surveys at each location,
respectively (Table 1). The number of wood ducks observed during
surveys varied from 79 to 438 and the number of IBPs varied from
42.2 to 208.3.
The low number of wood ducks observed during surveys at
Princeton and Meredosia when compared with Sanganois was due to
the smaller size of these areas (i.e., smaller transect lengths)
and the extremely low water levels of the Illinois River and
resulting dry conditions in bottomland forests. During a normal
spring, river waters inundate these areas; however, this year's
spring flood on the Illinois River occurred in May after our
surveys were completed. All three observers noted the abundance
of wood ducks located in ditches in drainage and levee districts
adjacent to Meredosia. Due to the dry conditions in the
bottomland forest interiors, wood duck pairs were utilizing these
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ditches for loafing and possibly foraging sites and were not
recorded during our surveys. In contrast to Princeton and
Meredosia, Sanganois has a myriad of historic stream beds,
swales, ponds, and sloughs which hold water during drier weather
and provide loafing and foraging sites for wood ducks. Also,
waterfowl management units at Sanganois CA were not dewatered at
the time of the surveys and they provided habitat for spring
migrating waterfowl. Therefore, water conditions at Sanganois
provided better waterfowl habitat more conducive to LT surveys
than the Princeton and Meredosia study sites.
Aerial LT surveys were systematically designed to start
transects on one side of a study area (east boundary at Sanganois
and south boundary at Princeton and Meredosia) and proceed west
or north to the opposite side with transects spaced every 12" of
latitude or longitude. In order to determine if wood ducks were
merely being pushed from one side of the study area to the other,
a correlation analysis was used comparing the total number of
wood ducks observed by the rear seat observers on each transect
with the transect number. Pearson-product moment correlation
analyses for each location and survey had P values exceeding (P =
0.05), which indicated no buildup of wood ducks as aerial surveys
progressed. Although it was possible for a wood duck observed on
one transect to be observed again on a succeeding transect,
correlation analyses did not substantiate this phenomenon with P
values ranging from 0.09-0.73.
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Observer Comparisons
Comparisons were made to detect differences in the number of
wood ducks observed by rear seat observers in distance classes
A-D and along transects (Table 2). The number of wood ducks
recorded in distance classes and along transects were similar (P
> 0.05) during the second survey of each area. Minor
discrepancies were detected during the first survey at Princeton
and Sanganois, but the combined number of wood ducks observed in
all distance classes did not differ in these surveys. Because
the number of wood ducks recorded by observers in distance
classes did not vary more consistently across surveys, we
considered these differences to be due to the relatively dry
conditions on study areas during surveys. Therefore, wood duck
observations by the rear seat observers were combined for further
analyses.
Originally, it was thought that all wood ducks located
directly below the aircraft and not in view of the rear seat
observer would flush so that the rear seat observer would
identify wood ducks flying into distance class A. This theory
was tested by comparing the tape-recorded observations of the
front seat observer with the simultaneous observations recorded
by the left rear seat observer. Comparisons of observations
along transect lines indicated that not all wood ducks observed
directly below the aircraft flushed, and of those wood ducks that
flushed, not all were identified by the rear seat observer. Some
birds flushed to the right, and others flushed and flew in line
either in front or behind the aircraft. Those wood ducks that
did not flush directly to the left or angle ahead and to the left
13
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of the approaching aircraft were not and could not be observed by
the rear seat observer. Even those wood ducks that flushed to
the left from distance class X might not have been seen if they
did not enter this distance class until after the aircraft had
passed over them due to the fact that observers were constantly
looking ahead to detect birds flushing in front of the aircraft.
The front seat observer recorded 55 wood duck observations
in distance class A during the second survey of all study sites
combined. Of these 55 observations, the rear seat observer
recorded 46 (83.6%). The rear seat observer made 25 additional
wood duck observations in distance class A that were not recorded
by the front seat observer. These additional records made a
total of 80 wood duck observations in distance class A of which
the rear seat observer detected 71 (88.8%). The varying number
of wood duck observations recorded by the front and rear seat
observers was attributed to their differential visibilities, and
the front seat observer was also monitoring the control panel of
the aircraft to assure that the pilot was maintaining a proper
course and altitude. Due to limited visibility, the 150-ft strip
under the aircraft was excluded from analyses.
Wood Duck Densities
Observers noted the numbers of Canada geese (Branta
canadensis), mallards (Anas platyrhynchos), green-winged teal (A.
crecca), American coots (Fulica americana), and double-crested
cormorants (Phalacrocorax auritus) identified incidentally to
wood ducks during aerial LT surveys. Discussions after the
flights by observers were used to assess the chronology of the
16
spring waterfowl migration on that day and location. The large
number of migrant waterfowl and water birds observed on surveys
conducted on 15-16 April indicated that the spring waterfowl
migration was not yet complete, even though ground surveys
conducted at Chautauqua NWR, near Havana, IL, indicated wood duck
migration was completed by 12 April (Fig. 4). Due to the
presence of these migrants, the first survey of each area was not
used to calculate wood duck IBP densities so that no migrant wood
ducks would be included in the density estimates.
All five models were used to analyze data collected at each
location (Princeton, Sanganois, and Meredosia). Because the
number of wood ducks observed in distance classes B and C were
similar, these distance classes were combined for further
analyses. Output statistics were provided for each model by
program DISTANCE (Table 3). The detection probability curves for
each model were graphed on the histograms for the wood duck IBP
data for each location (Figs. 5-7). To determine the best model
for the data, the fit of the detection curve to the distance data
was examined. For the Princeton data set, the hazard-rate-cosine
model provided the best fit (Fig. 5, Graph D). The detection
curve should intercept the y-axis at or slightly above where the
top bar of distance class A meets the y-axis. Therefore, the
detection curves in Graphs A, B, and C (Fig. 5) were too low and
fit the data poorly, while Graph E (Fig. 5) was too high at the
intercept. The estimated density of wood ducks was 0.035
IBPs/ac, but this estimator had a high coefficient of variation
(31.12 %) (Table 3).
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Wood Ducks
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Figure 4. Migrational chronology of wood ducks at Chautauqua National
Wildlife Refuge near Havana, Illinois, during spring 1996.
(Bjorklund and Bjorklund 1996 Unpubl. Info.)
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Figure 6. Distribution of wood duck indicated breeding pair
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during aerial line transect surveys and fit of key function
models to data obtained in bottomland habitat at the Sanganois
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B, C, D, and E represent the uniform key function with cosine
adjustment, half-normal key function with cosine adjustment,
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function with cosine adjustment models, respectively.
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Models for the Sanganois data set provided better fits of
the detection curve. Graphs B, C, and D (Fig. 6) of the half-
normal-cosine, half-normal-hermite, and hazard-rate-cosine models
all provided good fits to the data. The half-normal-hermite
model yielded the smallest percent CV (Table 3) despite the fact
that it had a higher AIC value than the other models. Therefore,
this model was selected as the best fit of the detection curve to
the data yielding an estimated wood duck density of 0.085 IBPs/ac
(Table 3).
The half-normal-cosine and hazard-rate-cosine models best
fit the detection curve to the LT data at Meredosia (Fig. 7,
Graphs B and D). The half-normal-cosine model was selected over
the hazard-rate-cosine model because it yielded smaller percent
CV and AIC values (Table 3). Therefore, the estimated wood duck
density at Meredosia was 0.043 IBPs/ac. This estimate had a
23.86 percent CV.
JOB NO. 1.2. Comparison of Aerial Surveys with Densities of Wood
Ducks Nesting in Natural Cavities.
Wood duck densities obtained from LT surveys (Job I.1.) were
considered experimental and were checked for accuracy using wood
duck densities derived from ongoing natural cavity studies at
Sanganois CA (Yetter et al. 1995). The study area used to
determine the density of wood ducks nesting in natural cavities
at Sanganois CA varied from the Sanganois study site identified
in Job I.1.
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STUDY AREA
The natural cavity study area encompassed portions of
southwest Mason, northwest Cass, and east Schuyler counties
(Fig. 8) and included 9,476 ac of the Sanganois CA (Fig. 9).
Sanganois CA lies at the confluence of the Illinois and Sangamon
rivers and is a state-owned refuge and public hunting area.
Sanganois CA was created in 1948 when the state of Illinois
purchased several private duck clubs. The largest of these clubs
was the Sanganois Gun Club from which the refuge received its
name (Ill. Dept. Cons. 1975). Over the years, other land
purchases have expanded Sanganois CA to its current size of
approximately 10,300 ac. Habitats on the area were consistent
with the Sanganois study site described in Job I.1.
MATERIALS AND METHODS
Habitat Classification
Wetland and upland habitats on the study area were
classified using NWI data stored on the Illinois Geographic
Information System (IGIS) in Champaign, Illinois. NWI data were
obtained from aerial photographs dated spring 1986. NWI data
were ground-truthed for accuracy and identification of tree
species within various habitat types.
Wood duck nesting habitat was defined as any palustrine
forested wetland within the Sanganois CA regardless of water
regime and/or special modifiers. Forested/scrub-shrub,
forested/emergent, scrub-shrub, and scrub-shrub/emergent wetland
habitats were excluded from sampling because the dominant trees
growing in these habitats (determined from ground truthing) were
27
Figure 8. Wood duck natural cavity study area in Mason, Cass,
and Schulyer counties in west-central Illinois.
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Figure 9. Natural cavity study area at the Sanganois
Conservation Area.
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willow saplings (Salix spp.) that were not large enough to
produce cavities suitable for nesting wood ducks.
Surveys
A total of 97 sample points was selected for tree cavity
investigations (Fig. 10). Study area boundaries were drawn on
NWI maps and placed on a digitizer. Latilong coordinates were
randomly selected and located on a digitizing board using
Measugraph 2.1 Software. Only those coordinates selected within
desired habitats (palustrine forested wetland) were utilized.
Two percent of the palustrine forested wetlands at Sanganois CA
were surveyed for cavities suitable for nesting wood ducks.
Sample points were located in bottomland timber with a Magellan
NAV 1000 PRO Global Positioning System (GPS) and NWI maps. All-
terrain vehicles (ATV) and a jon boat were used for
transportation.
Circular plots (1.24 ac) (Bookhout 1986) centered on each
sample point were marked using orange tree paint. All trees
within the 1.24-ac plots were searched by more than one observer
with binoculars. Trees containing potentially suitable wood duck
nest cavities (potential cavities) were marked with tree paint
and a numbered aluminum tag. Tree and cavity variables enabling
observers to relocate potential cavities for subsequent
inspection were recorded including: tree species, tree dbh, tree
status (dead or alive), tree height, tree location within the
plot, entrance orientation, and entrance height.
Ground surveys were conducted at Sanganois CA for potential
cavities during the winters of 1992 and 1993 in spite of
30
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Figure 10. Distribution of sample plots for the investigation of
natural cavities at the Sanganois Conservation Area.
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inclement weather and excessive flooding from the Great Flood of
1993. Following the survey, all trees having potential nesting
cavities were ascended in winter and spring 1993-1994 to
determine if the cavities were actually suitable cavities. All
suitable cavities were inspected after the nesting season in June
and July of 1996 to determine their use by wood ducks and other
vertebrates (Gigstead 1938, Bookhout 1986, Bellrose and Holm
1994).
Cavity Inspection
Natural cavities were examined for suitability using a
modified version of the single rope, rope-walking system
(Montgomery 1982, Meredith and Martinez 1986, Nadkarni 1988,
Warild 1990, Padgett and Smith 1992, Stanback and Koenig 1994)
and with climbing spikes, a safety belt, and lanyard (Robb 1986).
Various methods of placing a climbing rope over a support branch
in the cavity tree were employed. The best method was utilizing
a compound bow equipped for bow fishing (Weier 1966, Greenlaw and
Swinebroad 1967). After shooting a fish arrow over a support
branch above the cavity, a heavy nylon string was tied to the
fishing line (Munn 1991). Following the removal of the arrow,
the fishing line was retrieved thereby pulling the heavier nylon
string over the branch. The nylon string was then tied to a
climbing rope that was pulled over the branch and anchored.
Natural cavities were considered suitable as wood duck nest
sites if they had entrance dimensions at least 2.5 X 3.5 in
(Grice and Rogers 1965), platform dimensions at least 5 X 7 in,
and were not more than 197 in deep (Bellrose et al. 1964,
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Bookhout 1986). Cavities were classified as unsuitable if they
held water, contained excessive debris, were not deep enough to
conceal the incubating hen (Robb 1986), or were hollow to the
ground (F.C. Bellrose, Ill. Nat. Hist. Surv., pers. commun.).
An instrument for cavity inspection was constructed from two
6 in sections of 2 in PVC pipe and a right angle PVC coupler. A
mirror was attached inside the right angle coupler, and a small
flashlight was attached to one end of the device. With this
instrument, researchers could inspect the interiors of cavities
for internal dimensions and evidence of use. Cavities, whose
platforms were not visible or difficult to inspect for evidence
of nesting activity, were examined by lowering adhesive tape on a
string weighted with a lead fishing sinker (Nagel 1969, Bookhout
1986, Robb 1986). Thus, any nesting contents from the platform
would adhere to the tape and could be examined; however, due to
the limited effectiveness of this method, nest densities should
be considered minimum estimates. Nests were considered
successful if they hatched at least one egg, and nest success was
determined from eggshells and membranes (Stewart 1957, Bellrose
and Holm 1994). Vertebrate use of suitable cavities was
determined by the presence of hair, feathers, or scats.
Mammalian use indicated that evidence was observed in the cavity.
The Mayfield method was used to determine the annual
longevity of suitable cavities (Mayfield 1961, 1975). Cavity
mortality (a suitable cavity becoming unsuitable for wood duck
nesting) was assumed to be the midpoint between our cavity
visits. Cavity exposure was defined as the number of days
between our visits (Robb 1986).
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Data Analysis
All data were computerized using Lotus 1-2-3 software
Release 5.0 for Windows. Data were analyzed using SAS version
6.11 (SAS Inst. Inc. 1988). The estimated wood duck IBP density
obtained from spring 1996 LT surveys at Sanganois (Job I.1.) was
compared with the estimated wood duck nest densities obtained
from natural cavity investigations at Sanganois CA during spring
1996 and springs 1994-1995 (Yetter et al. 1995) using two sample
t-tests (Hinkle et al. 1988:259, Zar 1996:129). All statistical
tests were considered significant when P < 0.05.
RESULTS
Natural Cavities and Artificial Nest Boxes
In the winter and spring of 1993 and 1994, 86 suitable
cavities were identified in the 97 sample plots at Sanganois CA.
This number has steadily decreased every spring including this
year. Of the 86 original suitable cavities, 14 (16.3%) were no
longer available to wood ducks prior to the 1996 nesting season,
15 (17.4%) cavity trees were no longer climbable during spring
1996 inspections, and 14 (16.3%) cavities were classified as not
suitable after 1996 inspections. The remaining 43 (50.0%)
cavities were located in stable trees and available to wood ducks
during spring 1996.
Late spring flooding by the Illinois River inundated 9 of
the remaining 43 cavities, further reducing the sample to 34
suitable cavities. Of these 34 suitable cavities, 15 (44.1%) had
no evidence of vertebrate use, 12 (35.3%) had been occupied by a
raccoon (Procvon lotor) prior to inspection, and 4 (11.8%) had
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evidence of fox squirrel (Sciurus niger) use. Only 3 (8.8%)
cavities were used by nesting wood ducks, yielding a density of
0.025 nests/ac (SE = 0.014, CIg9 + 0.029) of bottomland forest.
This wood duck nest density should be considered as a minimum
estimate due to the large number of suitable cavities that were
in trees no longer stable enough to climb and the availability of
98 artificial nest boxes on the area. Two wood duck nests were
located in silver maple trees and one was found in an American
sycamore. All three nests were successful and all were located
in cavities excavated by pileated woodpeckers (Dryocopus
pileatus).
In total, 98 artificial wood duck nest boxes were located at
the Sanganois CA, which encompasses 5,335 ac of forested wetland
(Yetter et al. 1995). Boxes were inspected during 21 June - 2
July, 1996. The boxes were constructed of plastic, metal, wood,
and particle board (Table 4). Sixteen (16.3%) of these boxes
were used by nesting wood ducks. Eleven (68.8%) nests hatched,
three (18.8%) nests were destroyed by raccoons, one (6.3%) nest
was deserted, and one (6.3%) female was still incubating on 27
June 1996. A simple estimate of wood duck nest density from
artificial nest boxes at Sanganois CA was 0.003 nests/ac, and the
density of wood duck nests located in natural cavities was 0.025
nests/ac. The combined wood duck nest density from natural
cavities and artificial nest boxes located at Sanganois CA was
0.028 nests/ac, or 1 nest every 36 acres of bottomland forest.
The wood duck IBP density estimated from LT surveys at
Sanganois on 22 April 1996 (5_ = 0.085 IBPs/ac, SD = 0.013, n =
16, Job I.1.) was significantly greater than the 1996 wood duck
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Table 4. Number and use of artificial wood duck nest boxes
located at Sanganois Conservation Area near Chandlerville,
Illinois, during June-July 1996.
Construction Number of Number of
material n wood duck nests hatched nests
Plastic 55 5 4
Metal 37 10a  6a
Wooden 5 0 0
Particle board 1 1 1
Total 95 16 11
a One female wood duck was still incubating on June 27, 1996.
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nest densities (R = 0.025 IBPs/ac, SD = 0.141, n = 97, Job 1.2.)
observed during natural cavity investigations (t = 4.09, df =
104, P < 0.05). However, the LT IBP density observed in 1996 was
not different from wood duck nest densities obtained from natural
cavity investigations during springs 1994 (5 = 0.083 nests/ac,
SD = 0.247, n = 97)(t = 0.08, df = 99, P > 0.05) or 1995 (5 =
0.050 nests/ac, SD = 0.195, n = 97) (Yetter et al. 1995) (t =
1.75, df = 101, P > 0.05). The lower nest density observed in
1996 as compared with 1994 and 1995 was likely the result of the
reduced sample of natural cavities examined in 1996 rather than
an actual decrease in the wood duck breeding population at
Sanganois CA. These results indicated that LT surveys may
provide a reasonable means to estimate spring wood duck
population levels in bottomland habitat along the Illinois River.
Cavity Loss and Tree Mortality
The fate of 71 of the original 86 suitable cavities was
documented from which suitable cavity loss rates were determined.
Nesting suitability of 28 (39.4%) of 71 cavities deteriorated
between August 1993 and July 1996. Fifteen (21.1%) natural
cavities became unsuitable due to platform disintegration, 5
(7.0%) cavity trees fell, 4 (5.6%) cavities held water, 2 (2.8%)
platforms became exposed, 1 (1.4%) cavity was filled with twigs
presumably from the nesting activity of house wrens (Troglodytes
aedon), and 1 (1.4%) was filled with falling debris. The daily
"survival" rate of suitable cavities at Sanganois CA was 0.9994,
which resulted in a 81.5 percent annual survivorship.
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Tree mortality was examined to determine the effects of
flooding on the forest at Sanganois CA. Of 62 trees alive in
December of 1993, 29 had perished by July of 1996, an indicated
mortality of 46.8 percent. This high tree mortality was
apparently caused by flooding from the Illinois and Sangamon
rivers during fall 1992, the entire 1993 growing season, May and
June of 1995, and June and July of 1996.
Rope Climbing
As in 1995 an effort was made to determine the amount of
time needed to examine cavities for vertebrate use using the
single rope, rope-walking technique, including the placement and
anchoring of the climbing rope. In 1996, 22 cavity trees were
sampled with a mean entrance height of 28.8 ft (SD = 10.6).
These cavities required an average of 23.5 minutes (SD = 13.6)
for climbing and inspection.
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